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DSSURDFK RI :HLEXOO WR SUHGLFW FHOO IUDFWXUH $OWKRXJK ILQLWH HOHPHQW PHWKRG )(0 LV D
ZHOOHVWDEOLVKHGWHFKQLTXHIRUGHWHUPLQDWLRQRIVWUHVVHVLWVFDSDELOLW\LVUHODWLYHO\OLPLWHGLQIDLOXUH
SUHGLFWLRQ7KHUHDUHYDULRXVWHFKQLTXHVSURSRVHGIRUIDLOXUHSUHGLFWLRQLQ)(0IUDPHZRUNLQFOXGLQJ
UHPHVKLQJ YLUWXDO FUDFN FORVXUH WHFKQLTXH 9&&7 FRKHVLYH ]RQH HOHPHQWV DQG H[WHQGHG ILQLWH
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;)(0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7KHUHIRUH D QHZ QXPHULFDO DQDO\VLV PHWKRG FDOOHG SHULG\QDPLFV >±@ FDQ EH D VXLWDEOH
DOWHUQDWLYH WR HYDOXDWH WKH IRUPDWLRQ DQG HYROXWLRQ RI PDWHULDO IUDFWXUH DQG IDLOXUH 3HULG\QDPLF
WKHRU\ LV EDVHG RQ LQWHJURGLIIHUHQWLDO HTXDWLRQV ZKLFK DUH YDOLG DORQJ GLVFRQWLQXRXV GRPDLQV
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$FFRUGLQJ WR WKH1HZWRQ¶V6HFRQG/DZ WKH DFFHOHUDWLRQRI HDFK PDWHULDO SRLQW FDQEH
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I  [ K[ K c s DTavg P t[   1P      
ZKHUHĮLVWKHFRHIILFLHQWRIWKHUPDOH[SDQVLRQTavgUHSUHVHQWVWKHDYHUDJHWHPSHUDWXUHRIPDWHULDO
SRLQWV[DQG[¶DQGȝLVWKHIDLOXUHSDUDPHWHURIWKHSHULG\QDPLFERQGcLVQDPHGDVERQGFRQVWDQW
DQGIRUWZRGLPHQVLRQDOFDVHVLWFDQEHH[SUHVVHGDV


GSh
E
c   1P          
ZKHUHEUHIHUVWRHODVWLFPRGXOXVDQGhLVWKHWKLFNQHVVRIWKHWZRGLPHQVLRQDOGRPDLQ

)LJXUH0DWHULDOSRLQW[LQWHUDFWVZLWKQHLJKERXULQJSRLQWVZLWKLQ+[>@
7KH FRQFHSW RI /()0 ZDV LQWURGXFHG E\ *ULIILWK LQ  ZKLFK KDV EHFRPH RQH RI WKH
VROXWLRQV ZKHQ GHDOLQJ ZLWK WKH IUDFWXUH SUREOHP E\ XVLQJ &&0 >@ $FFRUGLQJ WR /()0 WKH
SURSDJDWLRQRIFUDFNVLQFUHDVHVWKHFUDFNVXUIDFHHQHUJ\EXWGHFUHDVHVWKHHODVWLFHQHUJ\RISDUWLFOHV
:KHQWKHVWUDLQHQHUJ\UHOHDVHUDWHLVOHVVWKDQWZLFHRIWKHFUDFNVXUIDFHHQHUJ\WKHQWKHFUDFNFDQ
EH DUUHVWHG >@ +HQFH WKH VWUDLQ HQHUJ\ UHOHDVH UDWH KDV EHFRPH DQ DGGLWLRQDO FULWHULRQ IRU WKH
JRYHUQLQJHTXDWLRQRI&&0,Q/()0WKHQXPHULFDOSUHGLFWLRQRIFUDFNEHKDYLRXUGHSHQGVRQWKH
ORDGLQJ JHRPHWU\ DQG GLVFUHWLVDWLRQ DQG DFFXUDWH FDOFXODWLRQ RI WKH VWUDLQ HQHUJ\ UHOHDVH UDWH
UHPDLQV D FKDOOHQJH E\ XVLQJ FODVVLFDO FRQWLQXXP PHFKDQLFV >@ 2Q WKH RWKHU KDQG LQ 3' WKH
QXFOHDWLRQDQGHYROXWLRQRI WKH IUDFWXUHDUH UHSUHVHQWHGEDVHGRQERQGEUHDNDJH'LVSODFHPHQWRI
PDWHULDO SRLQWVZLOO OHDG WRGHIRUPDWLRQRIERQGV ,I WKHPDWHULDO LV EULWWOH DQG WKH VWUHWFKRI HDFK
ERQG H[FHHGV D FULWLFDO YDOXH sc LH FULWLFDO VWUHWFK WKH ERQG EUHDNV DQG WKHUH LV QR ORQJHU
LQWHUDFWLRQEHWZHHQWKHPDWHULDOSRLQWVDVVRFLDWHGZLWKWKLVERQG+HQFHWKHIDLOXUHSDUDPHWHUFDQEH
GHILQHGWRGHVFULEHWKHVWDWHRIDERQGDV

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7KHQWKHORFDOGDPDJHRIWKHPDWHULDOSRLQW[FDQEHH[SUHVVHGDV
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,QRWKHUZRUGVORFDOGDPDJHLVWKHSHUFHQWDJHRIWKHUHPDLQLQJXQEURNHQERQGVRIPDWHULDO
SRLQW [ ĳ    PHDQV SDUWLFOH [ LV XQGDPDJHG DQG ĳ    UHIHUV WR SDUWLFOH [ ORRVLQJ DOO RI LWV
LQWHUDFWLRQV DQG EHFRPLQJ IXOO\ GDPDJHG $V PRUH PDWHULDO SRLQWV EHLQJ GDPDJHG WKH FUDFN
QXFOHDWLRQDQGSURSDJDWLRQFDQEHREVHUYHG
7KH YDOXH RI FULWLFDO VWUHWFK GHSHQGV RQ FULWLFDO HQHUJ\ UHOHDVH UDWH Gc >@ Gc FDQ EH
H[SUHVVHGDFFRUGLQJWRSHULG\QDPLFVDV


 GhcsG cc   1P         
2Q WKH RWKHU KDQG Gc FDQ DOVR EH FDOFXODWHG IURP IUDFWXUH WRXJKQHVV K >@ ZKLFK FDQ EH
H[SUHVVHGIRUSODQHVWUHVVFRQGLWLRQDV
E
K
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
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
%\VXEVWLWXWLQJ(TV±LQ(TWKHGLVSODFHPHQWRIHDFKPDWHULDOSRLQWFDQEHFDOFXODWHG
0RUHRYHUWKHSUHVVXUHVWDWHDQGVWUHVVHVFDQDOVREHHYDOXDWHGDVSDUWRISRVWSURFHVVLQJRSHUDWLRQ
+\GURVWDWLF SUHVVXUH FDQ EH GHULYHG IURP &DXFK\ VWUHVV DQG ILUVW 3LROD.LUFKRII VWUHVV 7KH ILUVW
3LROD.LUFKRIIVWUHVVFDQEHREWDLQHGLQSHULG\QDPLFVDV
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+HQFHWKHWZRGLPHQVLRQDOK\GURVWDWLFVWUHVVRIWKHPDWHULDOSRLQW[FDQEHH[SUHVVHGDV
 
 VVV  hyd  1P        
0RUHRYHUWKHSUHVVXUHRIPDWHULDOSRLQW[FDQEHGHILQHGDV
hydpressure V  1P        
6LQFH DQ\ VWUHVV WHQVRU LV WKH VXPPDWLRQ RI K\GURVWDWLF VWUHVV DQG GHYLDWRULF VWUHVV WKH GHYLDWRULF
VWUHVVFDQEHREWDLQHGDV
hyddev VVV   1P         
+HQFHWKHWZRGLPHQVLRQDOYRQ0LVHVVWUHVVFDQEHFDOFXODWHGDV>@
devdevVM VVV   1P        
$QDO\WLFDOVROXWLRQRI(TLVJHQHUDOO\QRWSRVVLEOH7KHUHIRUHQXPHULFDOVROXWLRQVFKHPHV
DUHZLGHO\XVHG,QWKLVVWXG\PHVKOHVVGLVFUHWL]DWLRQDSSURDFKLVXWLOLVHGE\GLVFUHWL]LQJWKHVROXWLRQ
GRPDLQ LQWR ILQLWHQXPEHURIYROXPHVE\GHILQLQJDSRLQW DW WKHFHQWUHRI HDFKYROXPH7KH WLPH
LQWHJUDWLRQFDQEHSHUIRUPHGE\XVLQJHLWKHUH[SOLFLWRULPSOLFLWWLPHLQWHJUDWLRQVFKHPHV,IDVWDWLF
FRQGLWLRQ LV DQDO\VHG DV LQ WKLV VWXG\ WKH VROXWLRQ FDQ EH REWDLQHG E\ XVLQJ DQ DGDSWLYH G\QDPLF
UHOD[DWLRQVFKHPH
 9DOLGDWLRQ&DVH
%HIRUHZHFDUU\RXWWKHWKHUPRPHFKDQLFDODQDO\VLVRISRURXVHOHFWURGHSODWHLW LVHVVHQWLDOWR
YDOLGDWH WKH FXUUHQW IRUPXODWLRQ 7KHUHIRUH D VLPSOH WKHUPRPHFKDQLFDO H[DPSOH LV FRQVLGHUHG DV
VKRZQLQ)LJXUH

)LJXUH'SODWHPRGHO

AIMS Energy  9ROXPH,VVXH
7DEOH0DWHULDOSURSHUWLHVIRUYDOLGDWLRQFDVH
0DWHULDO (ODVWLFPRGXOXV*3D 3RLVVRQ¶VUDWLR
&RHIILFLHQWRIWKHUPDO
H[SDQVLRQ 'HQVLW\NJP
 &RQGXFWLYLW\:P.
7KHUPDO
FDSDFLW\-NJ.
$   h ±   
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E
F G
H I
)LJXUH  5HVXOWV RI WKHUPDO H[SDQVLRQ D 7HPSHUDWXUH GLVWULEXWLRQ E\ )(0 E
7HPSHUDWXUH GLVWULEXWLRQ E\ 3' F 'LVSODFHPHQW LQ [ GLUHFWLRQ E\ )(0 G
'LVSODFHPHQW LQ [ GLUHFWLRQ E\ 3' H 'LVSODFHPHQW LQ \ GLUHFWLRQ E\ )(0 I
'LVSODFHPHQWLQ\GLUHFWLRQE\3'
$VTXDUHSODWHLVVHOHFWHGDVWKHVSHFLPHQRIRXUYDOLGDWLRQFDVH%HIRUHZHVWDUWWKHVLPXODWLRQ
WKHSODWHLVIUHHRIWKHUPDOORDGLQJDQGWKHLQLWLDOWHPSHUDWXUHRIWKHSODWHLV7 -?7KHSODWHLV
WKHQ VXEMHFWHG WR WKHUPDO ORDGLQJ RQ LWV ERXQGDULHV ZLWK WHPSHUDWXUH 7  -? +HQFH LW LV
H[SHFWHGWKDWWKHVSHFLPHQZLOOH[SDQGDVDUHVXOWRIWKLVORDGLQJFRQGLWLRQ$QLPDJLQDU\PDWHULDO
$ LV XVHG IRU VLPSOLFLW\ DQG PDWHULDO SURSHUWLHV DUH JLYHQ LQ 7DEOH  7ZR GLIIHUHQW PHWKRGV DUH
XWLOL]HGWRVLPXODWHWKHWKHUPRPHFKDQLFDOSURFHVV+HQFHSHULG\QDPLFUHVXOWVDUHFRPSDUHGDJDLQVW

AIMS Energy  9ROXPH,VVXH
&&0 EDVHG DSSURDFK )(0 )(0 DQDO\VLV LV SHUIRUPHG E\ XWLOL]LQJ WKH FRPPHUFLDOO\ DYDLODEOH
VRIWZDUH$16<6GXHWRLWVVRSKLVWLFDWHGWKHUPDOVWUXFWXUDODQDO\VLVFDSDELOLW\6LQFHWKHYDOLGDWLRQ
WHVW LV D WKHUPDO H[SDQVLRQ SUREOHP QRGH FRXSOHG WKHUPDOPHFKDQLFDO HOHPHQW 3/$1(  LV
VHOHFWHG DV HOHPHQW W\SH XVLQJ SODQH VWUHVV DVVXPSWLRQ 3' DQDO\VLV LV SHUIRUPHG E\ XVLQJ DQ
LQKRXVHFRGHEDVHGRQWKHLQIRUPDWLRQLQ6HFWLRQDQGLPSOHPHQWHGLQ0$7/$%
,QRUGHUWRUHGXFHWKHFRPSXWDWLRQDOWLPHRQO\DTXDUWHURIWKHJHRPHWU\LVPRGHOOHGVKRZQDV
UHGFRQWRXULQ)LJXUHVLQFHWKHSODWHJHRPHWU\DQGORDGLQJGLVWULEXWLRQDUHV\PPHWULF$VVKRZQ
LQ )LJXUH  RQFH WKH SODWH LV VXEMHFWHG WR WHPSHUDWXUH ORDGLQJ WKH ERXQGDU\ UHJLRQV RI WKH SODWH
H[SDQG ZKLOH WKH FHQWUH RI WKH SODWH UHPDLQV XQGHIRUPHG 5HVXOWV KDYH VKRZQ D JRRG DJUHHPHQW
EHWZHHQ)(0DQG3'DFFRUGLQJWRWKHGLVWULEXWLRQVRIWHPSHUDWXUHDQGGLVSODFHPHQWV+HQFHLWFDQ
EHFRQFOXGHGWKDW3'KDVWKHFDSDELOLW\IRUSHUIRUPLQJDFFXUDWHWKHUPRPHFKDQLFDODQDO\VLV
 7KHUPRPHFKDQLFDO$QDO\VLVRI3RURXV(OHFWURGH3ODWH
*HQHUDOO\WKH62)&XQLWLVDPXOWLOD\HUVWUXFWXUHZKLFKLVFRPSRVHGRIFHUDPLFDQGPHWDOOLF
PDWHULDOV >@ (OHFWURGH OD\HUV DQG HOHFWURO\WH OD\HUV DUH VWDFNHG LQ D FHUWDLQ VHTXHQFH %HVLGHV
HOHFWURGHPDWHULDOVDUHGHVLJQHGWRKDYHH[FHOOHQWFDWDO\WLFDFWLYLW\DQGVRPHDPRXQWRIHOHFWURO\WH
PDWHULDOLVLQVHUWHGLQVLGHWKHHOHFWURGHOD\HUV,QRUGHUWRREWDLQDGHWDLOHGYLVXDOL]DWLRQRISDUWLFOH
GLVWULEXWLRQLQHOHFWURGHOD\HUVYDULRXVDGYDQFHGWHFKQRORJLHVVXFKDVVFDQQLQJHOHFWURQPLFURVFRS\
DQG ;UD\ FRPSXWHG WRPRJUDSK\ KDYH EHHQ DSSOLHG >@ ,Q WKLV VWXG\ DQ DQRGH       
OD\HU1LFNHO<6=LVFRQVLGHUHGDQGWKHFRORXUHGLPDJHLVVKRZQLQ)LJXUH 

)LJXUH1LFNHO<6=DQRGHOD\HU>@
,Q)LJXUH WKH\HOORZFRORXU UHSUHVHQWV WKH HOHFWURO\WH <6=PDWHULDO DQG WKHJUHHQFRORXU
UHSUHVHQWVWKHHOHFWURGH1LFNHOPDWHULDO%ODFNFRORXULQWKLVILJXUHUHSUHVHQWVSRUH%DVHGRQWKLV
LQIRUPDWLRQ WKHDQRGH OD\HUFDQEHGLVFUHWLVHG LQWRILQLWHQXPEHURISRLQWVZLWKDFHUWDLQYROXPH
'HWDLOHG GLVFUHWLVDWLRQ LV VKRZQ LQ )LJXUH  7KH GLPHQVLRQV RI WKH DQRGH OD\HU DUH JLYHQ DV     
ȝPîȝPîȝP6LQFHWKHWKLFNQHVVLVUHODWLYHO\VPDOODVFRPSDUHGWRWKHOHQJWKDQG
ZLGWKVFDOHVWKHSODQHVWUHVVDVVXPSWLRQLVXWLOLVHG7KHRSHUDWLQJWHPSHUDWXUHRI62)&YDULHVIURP

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 -? WR  -? DQGPXOWLSOH FDVHV ZLWKGLIIHUHQW WKHUPDO ORDGL QJ FRQGLWLRQV DUH FRQVLGHUHG LQ
RUGHUWRHYDOXDWHWKHVWUHVVHYROXWLRQDQGIUDFWXUHRFFXUUHQFH 

)LJXUH'LVFUHWLVDWLRQRI1LFNHO<6=DQRGHOD\HU
 1XPHULFDO5HVXOWVDQG'LVFXVVLRQ
,Q WKLV FDVH VWXG\ ZH ILUVW SHUIRUPHG WKHUPRPHFKDQLFDO DQDO\VLV RI 62)& OD\HU ZLWKRXW
FRQVLGHULQJ IDLOXUH WR REWDLQ GLVSODFHPHQW DQG YRQ 0LVHV VWUHVV GLVWULEXWLRQV WR FRPSDUH WKH
SHULG\QDPLFUHVXOWVDJDLQVW)(0UHVXOWV7KHQZHFRQFHQWUDWHGRQFUDFNHYROXWLRQ7KUHHGLIIHUHQW
ERQGVWUHQJWKFRQILJXUDWLRQVIRUWKHHOHFWURGHHOHFWURO\WHLQWHUIDFHZHDNLQWHUIDFHXQLIRUPLQWHUIDFH
DQG VWURQJ LQWHUIDFH ZHUH FRQVLGHUHG 'LPHQVLRQV RI HOHFWURGH SODWH VSHFLPHQ DUH VSHFLILHG DV   
ȝPîȝP7KHWRSHGJHRIWKHSODWHLVIUHHZKHUHDVWKHOHIWDQGULJKWHGJHVRIWKHSODWHDUH
FRQVWUDLQHG LQ KRUL]RQWDO GLUHFWLRQ %RWWRP HGJH LV IXOO\ FRQVWUDLQHG 6LQFH WKH GLPHQVLRQV RI WKH
SODWHDUHVPDOOLWLVDVVXPHGWKDWWKHWHPSHUDWXUHLVXQLIRUPWKURXJKRXWWKHSODWH0DWHULDOSURSHUWLHV
RIHOHFWURGHDQGHOHFWURO\WHDUHJLYHQLQ7DEOH
7DEOH0DWHULDOSURSHUWLHVRIDQRGHOD\HU
0DWHULDO 1LFNHO <6=
7HPSHUDWXUH.  
(ODVWLFPRGXOXV*3D  
3RLVVRQ¶VUDWLR  
6SHFLILFKHDWFDSDFLW\-NJ.  
'HQVLW\NJP  
7KHUPDOFRQGXFWLYLW\:P.  
7KHUPDOH[SDQVLRQFRHIILFLHQWĮî±  
<LHOGVWUHQJWK03D  1$
7HQVLOHVWUHQJWK03D  1$
)UDFWXUHWRXJKQHVV03Dξ݉  

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5.1. Thermomechanical simulation without failure 
1RUPDORSHUDWLQJWHPSHUDWXUHRI62)&YDULHVIURP-?WR -?+LJKWHPSHUDWXUHPD\
FDXVHGHJUDGDWLRQRIWKHHOHFWURGHSODWH,QWKLVFDVHWKHUPRPHFKDQLFDODQDO\VLVZDVSHUIRUPHGE\
GLVUHJDUGLQJIDLOXUH8QGHUXQLIRUPWKHUPDOORDGLQJDW-?R SHUDWLQJFRQGLWLRQRIWKHHOHFWURGH
DQGRULJLQRIWKHGDPDJHFDQEHLQYHVWLJDWHG'LVSODFHPHQWDQGYRQ0LVHVVWUHVVGLVWULEXWLRQEDVHG
RQ3'DUHVKRZQLQ)LJXUHDF%HVLGHVUHVXOWVDUHDOVRREWDLQHGE\XVLQJ)(0IRUFRPSDULVRQ
D E
F G
)LJXUH&RPSDULVRQEHWZHHQ3'DQG&&0D'LVSODFHPHQW LQKRUL]RQWDOGLUHFWLRQ
E\ 3' E 'LVSODFHPHQW LQ KRUL]RQWDO GLUHFWLRQ E\ )(0 F 'LVSODFHPHQW LQ YHUWLFDO
GLUHFWLRQE\3'DQGG'LVSODFHPHQWLQYHUWLFDOGLUHFWLRQE\)(0
D E
)LJXUH  &RPSDULVRQ EHWZHHQ 3' DQG &&0 D 9RQ0LVHV 6WUHVV E\ 3' E
9RQ0LVHV6WUHVVE\)(0

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7DEOH&RPSDULVRQRIPD[LPXPGHIRUPDWLRQDQGYRQ0LVHVVWUHVV
8[QP 8\QP Y0VWUHVV03D
)(0   
3'   
$FFRUGLQJWR7DEOHDQG)LJXUHWKHUHVXOWVIURP3'DQG)(0KDYHUHDFKHGDQDJUHHPHQWIRU
GLVSODFHPHQWV LQ ERWK KRUL]RQWDO DQG YHUWLFDO GLUHFWLRQV DQG YRQ0LVHV VWUHVV 6LQFH VRPH RI WKH
ERXQGDULHV RI WKH SODWH VSHFLPHQ DUH FRQVWUDLQHG WKH SRUHV WHQG WR VKULQN +HQFH KLJK VWUHVVHV
FRQFHQWUDWHDURXQGWKHSRUHUHJLRQVHVSHFLDOO\WKRVHZLWKVKDUSWLSV)LJXUHVKRZWKHGLVWULEXWLRQ
RIYRQ0LVHVVWUHVVDQGWKH\LQGLFDWHWKHSRVVLEOHSRVLWLRQVWKDWFUDFNVPD\IRUP7KHUHVXOWVKDYH
DQRYHUDOODJUHHPHQWEHWZHHQ3'DQG)(06OLJKWGLIIHUHQFHVEHWZHHQWKHWZRDSSURDFKHVPD\EH
GXHWRGLIIHUHQWYLVXDOL]DWLRQWRROVXVHGIRU3'DQG)(0DQDO\VHVDQGXWLOL]LQJWZRGLIIHUHQWZD\V
WRFDOFXODWHVWUHVVHVLQ3'DQG)(0DQDO\VHV  
5.2. Thermomechanical simulation with crack propagation 
$FFRUGLQJWR)LJXUHWKHPD[LPXPYRQ0LVHVVWUHVVRQWKH62)&SODWHLVDURXQG03D
XQGHU -? WKHUPDO ORDGLQJZKLFK LV ODUJHU WKDQ WKH\LHOGVWUH QJWKRIHOHFWURGHPDWHULDO+HQFH
GDPDJHPD\RFFXUDWWKLVWHPSHUDWXUH,QWKLVVHFWLRQWKUHHFDVHVZLOOEHSUHVHQWHGWRGHPRQVWUDWH
GDPDJH IRUPDWLRQ DQG HYROXWLRQEDVHGRQ WKH VWUHQJWKRI HOHFWURGHHOHFWURO\WH LQWHUIDFH LHZHDN
LQWHUIDFH XQLIRUP LQWHUIDFH DQG VWURQJ LQWHUIDFH &ULWLFDO VWUHWFK YDOXHV IRU WKH ERQGV FURVVLQJ
HOHFWURGHHOHFWURO\WHLQWHUIDFHDUHDVVXPHGWREHscDVZHDNLQWHUIDFHscDVXQLIRUPLQWHUIDFHDQG
scDVVWURQJLQWHUIDFH7KHUPDOORDGLQJLQFUHDVHVJUDGXDOO\IURP-? WR-?LQVWHSV
'DPDJHVWDWHVIRUWKHWKUHHGLIIHUHQWLQWHUIDFHVWUHQJWKFDVHVLQRQHVLQJOHFKDUJLQJSURFHVVDUH
VKRZQLQ)LJXUHV±7KHIRUPDWLRQDQGHYROXWLRQRIFUDFNVGLIIHULQDOOWKUHHFDVHV'DPDJHZLOO
LQLWLDWHRQKLJKK\GURVWDWLFVWUHVVUHJLRQRIWKHSODWHVXFKDVSRUHVHVSHFLDOO\ZLWKVKDUSERXQGDU\
$V WKH WHPSHUDWXUH LQFUHDVHV WKHDPRXQWRIGDPDJH LQFUHDVHV0D[LPXPGDPDJHDW  -?KDV
UHDFKHG   DQG  IRU ZHDN XQLIRUP DQG VWURQJ LQWHUIDFH FRQILJXUDWLRQV UHVSHFWLYHO\
)RUWKHZHDNLQWHUIDFHFDVHGXHWRORZFULWLFDOVWUHWFKYDOXHGDPDJHSUHIHUVWRHYROYHDQGSURSDJDWH
DORQJWKHHOHFWURGHHOHFWURO\WHLQWHUIDFH7KLVZLOOOHDGWRWKHVHSDUDWLRQEHWZHHQHOHFWURGHSDUWLFOHV
DQGHOHFWURO\WHSDUWLFOHV+RZHYHUIRUXQLIRUPDQGVWURQJLQWHUIDFHFDVHVWKHVHSDUDWLRQRIHOHFWURGH
DQGHOHFWURO\WHLVQRWREYLRXV0RVWRIWKHGDPDJHVIRUPDWHOHFWURO\WHUHJLRQVDQGSRUHERXQGDULHV
ZKHUHKLJKK\GURVWDWLFVWUHVVHVDUHORFDWHG6LQFHWKHIUDFWXUHWRXJKQHVVRIWKH<6=LVPXFKZHDNHU
DVFRPSDUHGWR1LFNHOHOHFWURO\WHSDUWLFOHVGDPDJHPXFKHDVLHUWKDQHOHFWURGHSDUWLFOHV0RUHRYHU
WKHGDPDJHVWDUWVDWORZHUWHPSHUDWXUHVIRUWKHZHDNLQWHUIDFHFDVH
$FFRUGLQJ WR WKH VLPXODWLRQV GHVFULEHG DERYH GDPDJH HYROXWLRQ GHSHQGV RQ HOHFWURGH DQG
HOHFWURO\WHLQWHUIDFHFRQILJXUDWLRQDQG62)&HOHFWURGHSODWHJHRPHWU\%\DSSO\LQJ3'WKHGDPDJH
VLWXDWLRQSUREDEOHSRVLWLRQRIIUDFWXUHDQGSUREDEOHGLUHFWLRQRIIUDFWXUHHYROXWLRQRIWKHSODWHFDQ
EHSUHGLFWHGLQDVLQJOHFKDUJLQJSURFHVV'XULQJIUHTXHQWF\FOLQJRSHUDWLRQVFUDFNVPD\IRUPDQG
SURSDJDWH GXH WR LQFUHDVH LQ GDPDJH (OHFWURQ IORZV IURP KLJK HOHFWULF SRWHQWLDO UHJLRQ WR ORZ
HOHFWULF SRWHQWLDO UHJLRQ WKURXJK HOHFWURO\WH SDUWLFOHV +RZHYHU RQFH WKH HOHFWURO\WH SDUWLFOHV DUH
GDPDJHGHOHFWURQGLIIXVLRQSDWKPD\EHEORFNHGE\WKHVHFUDFNVDQGGDPDJHV7KHUHIRUHWKH\PD\
KDYHWRILQGDOWHUQDWLYHSDWKWRWUDQVIHUWRORZHOHFWULFSRWHQWLDOUHJLRQ7KLVPD\FDXVHDQLQFUHDVHRI
LQQHU UHVLVWDQFH DQG UHGXFWLRQ RI HOHFWULFDO FDSDFLW\ DQG WKHUPDO VWDELOLW\ ZKLFK ZLOO OHDG WR

AIMS Energy  9ROXPH,VVXH
SHUIRUPDQFHGHJUDGDWLRQDQGHYHQIDLOXUHRIWKHIXHOFHOO
D E
F G
)LJXUH'DPDJHVWDWHIRUWKHZHDNLQWHUIDFHFRQILJXUDWLRQD-?E -?F
-?DQGG-?
D E
F G
)LJXUH'DPDJHVWDWHIRUWKHXQLIRUPLQWHUIDFHFRQILJXUDWLRQD-? E-?F
-?DQGG-? 

AIMS Energy  9ROXPH,VVXH
D E
F G
)LJXUH'DPDJHVWDWHIRUWKHVWURQJLQWHUIDFHFRQILJXUDWLRQD-? E-?F
-?DQGG-? 
 &RQFOXVLRQV
,QRUGHUWRLQFUHDVHHIILFLHQF\RIHOHFWURFKHPLFDOUHDFWLRQLQIXHOFHOOVHOHFWURO\WHPDWHULDOVDUH
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